A technique is described for the determination of tens of micrograms of oxygen that can be pyrolyzed at T < 1135°C. Standard oxygen-containing compounds and filter samples of ambierit particulate matter are pyrolyzed in purified N 2 , and oxygen in the pyrolysis products is quantitatively converted to CO by passage over carbon at 1135°C. The evolved CO is detected by NDIR spectrometry or by coulometry after conversion to C0 2
Oxygen is a very common component of organic and inorganic substances and by inference should be a common component of ambient particulate matter. The determination of oxygen in ambient particulate matter would supply insights into the chemistry of haze formation, but little work has been reported in this area of analysis. Clemenson (1) used a cyclotron technique to determine the oxygen content of a few atmospheric aerosol samples. His technique is unique in that total oxygen is determined, as compared with a variety of other techniques (2-10) that, if used to analyze an atmospheric aerosol sample, would only determine a fraction of the oxygen in the sample. For example, a gaschromatographic technique (2) requires that the substance of interest elutes from a column -a requirement not suitable for nonvolatile substances -and ESCA (4) or Auger (5) spectroscopy is a surface sensitive technique.
We have modified and combined several analytical methods to quantitate pyrolyzable oxygen in ambient parti~ulate matter. The method first reported by Schutze (7) and later modified by Unterzaucher (7) and others (8) (9) (10) consists of thermally decomposing the sample and then reacting the oxygen-containing decomposition products with hot carbon to produ-ce CO. -Th-e CO is ·then detected either---directly by nondispersed infrared absorption (NDIR) or coulometrically after it is converted to C0 2
• With a focus on oxygen-containing molecules, ambient particulate matter in general contains organic oxygen, carbonates, silicates, sulfates, nitrates, metal oxides, water, and adsorbed gases like 0 2 and C0 2 •
The technique reported here detects oxygen in all species that decompose at T <1135°C-this excludes refractory metal oxides like Al 2 0 3 • Si0 2 does not decompose at 1135°C but -OH functional groups on the Si0 2 particles can decompose.
Experimental Section
Reagents Prepurified compressed N 2 was further purified by passage through columns packing is between 10 and SO ml/min. Below 10 ml/min it becomes difficult to adjust the flowrate with a rotameter, and above SO ml/min the decomposition products don't have time to react completely with the hot carbon.
Gas samples were injected into the pyrolysis tube via a septum. A multipart valve (Condyne, La Canada, California) was used to change the direction of flow through the pyrolysis tube. Solid samples and filter samples were loaded into a small platinum boat (formed from S mil Pt foil) and placed into the cool zone of the pyrolysis tube while backflushing with N 2 so that room air did not contact ,~
the hot carbon. After a sample was loaded, the pyrolysis tube was resealed (at the 0-ring seal) and any entrained air was backflushed from the system (~ 4 min).
Then the multiport valve was switched; and finally after the CO detector stabilized, the sample boat was slid into the hot zone with a magnetically moved plunger.
Results and Discussion
The digitized analog NDIR detector signal deviated less than 0.5% from the analog signal in the 1.0-99.0 ppm CO range. This good digitization was, in part, due to the use of a 12-bit A/D converter rather than the more commonly used 8-bit A/D. Table 1 shows the results of thedeterminationof oxygen in a variety of oxygenated organic compounds, (NH 4 ) 2 so 4 , and NH 4 No 3 • These chemicals were either weighed into an empty boat or solutions containing these chemicals were evaporated onto 1-cm 2 discs of quartz fiber filter material. Also, several microliter volumes of C0 2 were analyzed and served as a convenient way to check out the system. Direct injections of C0 2 into the coulometer (footnote f, Table 1) shows good recovery (100.4%) with a standard deviation (cr) of 2.3%. Passage of C0 2 through the hot carbon and subsequent conversion of the evolved CO back to C0 2 did not affect the accuracy (footnote g, Table 1 ). The injection of C0 2 upstream of the hot carbon with NDIR detection of the evolved CO also gave good recovery (100.0 ±0.4%). Each detector offers certain advantages over the other one.
The coulometer enables larger samples to be analyzed: 55-400 ~g 0 is a good ope~ating range. Below 55 ~g 0, one is operating below the limit of quantitation (LOQ) (See Table 2 A number of compounds were analyzed to determine the appropriateness of this technique for analyzing samples of ambient particulate matter. The compounds presented in Table 1 have a variety of oxygenJunctionalgroups, some of which have been observed in ambient air and smog chamber samples (11, 12) . The recovery of oxygen for each of these compounds is shown in Table 2 , and the overall results (percent recovery, average deviation, etc.) are summarized in , KHP, and glutaric acid showed larger deviations (cr = ± 3.8%,± 4.0%, ± 5.7%, respectively).
Figures 2a and 2b show the linearity and the scatter than can be expected for the analysis of standards prepared by the evaporation of solutions onto 1-cm 2 quartz fiber discs. Each datum point is the determination of oxygen on a l-cm 2 disc.
Replicate analyses of two ambient air filter samples are presented in frequently used to sample ambient particulate matter will collect enough oxygenated particulate matter so that 1 cm 2 of filter will give a signal above the LOQ in the NDIR analysis scheme. Comparison of the carbon loadings in Table   3 to Table 2 in Novakov (16) !expected-recovered! expected 
